Introduction
============

Gastric cancer (GC) is the second most common cause of cancer-associated mortality in the world, and the incidence GC is highest in East Asia, Eastern Europe and parts of Latin America ([@b1-mmr-18-04-3751],[@b2-mmr-18-04-3751]). However, the precise mechanisms underlying gastric carcinogenesis are not yet completely understood ([@b3-mmr-18-04-3751]). Therefore, it is important to identify the regulatory mechanisms and signaling pathways involved in GC.

The achaete-scute homolog 2 (ASCL2) gene is a member of the basic helix-loop-helix family of transcription factors, which are downstream target of Wnt signaling and initiate transcription by binding to the E-box ([@b4-mmr-18-04-3751]). ASCL2 is involved in the determination of neuronal precursors in the peripheral and central nervous systems ([@b5-mmr-18-04-3751]), and it is also a cancer stem cell marker ([@b6-mmr-18-04-3751]); certain reports have revealed that ASCL2 promotes cell growth and migration in colon cancer ([@b7-mmr-18-04-3751],[@b8-mmr-18-04-3751]). However, the function of ASCL2 in the metastasis of GC is poorly understood.

MicroRNAs (miRNAs/miRs) are a class of endogenous small non-coding RNAs with maximum length of 25 bp ([@b8-mmr-18-04-3751],[@b9-mmr-18-04-3751]). At present, \>1,000 types of miRNA have been identified in the human body ([@b10-mmr-18-04-3751]). miRNAs are involved in a number of physiological and pathological processes, including cell proliferation, differentiation, apoptosis, migration, invasion, organ development and tumor development ([@b11-mmr-18-04-3751],[@b12-mmr-18-04-3751]). miRNAs primarily affect the post-transcriptional level of gene coding, and may inhibit or promote the expression of target genes. In tumorigenesis, miRNAs may act as tumor suppressor genes or carcinogenic genes ([@b13-mmr-18-04-3751]). miR223 has been demonstrated to reverse epithelial-mesenchymal transition (EMT), and to inhibit the migration and invasion of melanoma cells by inducing the expression of E-cadherin protein ([@b14-mmr-18-04-3751]). EMT refers to the process of transition between epithelial cells and mesenchymal cells under certain physiological or pathological conditions, which contributes to the occurrence and development of tumors, particularly invasion and metastasis ([@b8-mmr-18-04-3751]). EMT has been demonstrated to serve a critical role in gastric tumor migration ([@b15-mmr-18-04-3751]); therefore, it is important to reveal the molecular mechanism underlying EMT, and its effect on the invasion and metastasis of gastric tumors.

In the present clinical study, it was observed that ASCL2 was upregulated in metastatic tumors compared with primary tumors of patients. The present study investigated the effect of ASCL2 on the invasion and migration of GC cells, and the underlying mechanism.

Materials and methods
=====================

### Sample collection

A total of 32 cases of gastric tumor and their relevant metastases were obtained from patients, following the provision of written informed consent. The patients were 41--91 years old and the male/female radio was 1.47. The samples were collected between March 2009 and June 2014. The procedure was approved by the ethical committee of Putuo Hospital Affiliated to Shanghai University of Traditional Chinese Medicine (Shanghai, China).

### Cell culture

Human gastric carcinoma cell lines MKN-1 and SNU16 were obtained from the American Type Culture Collection (Manassas, VA, USA) and were maintained in RPMI-1640 medium (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) containing 10% fetal bovine serum (FBS; HyClone; GE Healthcare Life Sciences, Logan, UT, USA) at 37°C and 5% CO~2~, with the medium changed every two days. Cells were passaged at 80% confluence and seeded at 30% confluence for maintenance of optimal proliferating conditions.

### Immunohistochemistry

Immunohistochemical analysis was performed to evaluate the ASCL2 expression in the adjacent tissues (3 cm next to the tumor), primary gastric tumor or metastases. Following deparaffinization and rehydration with ddH~2~O at room temperature, the 10% formalin-fixed paraffin-embedded tumor tissue sections (4 µm) were incubated with 3% hydrogen peroxide in methanol to quench endogenous peroxidase activity. The sections were blocked for 30 min with 1% bovine serum albumin (Sangon Biotech Co., Ltd., Shanghai, China) and incubated with the primary antibodies ASCL2 (ab116699; 1:100; Abcam, Cambridge, UK) at 4°C overnight. The sections were washed with PBS and incubated with horseradish peroxidase (HRP)-conjugated secondary antibody (ab205718; 1:100; Abcam) at room temperature for 1 h. The products were visualized using a diaminobenzidine staining kit (Tiangen Biotech Co., Ltd., Beijing, China) at room temperature for 2 min and counterstained with hematoxylin at room temperature for 5 min. The images were obtained by microscope (IX71; Olympus Corporation, Tokyo, Japan).

### ASCL2 overexpression assay

Lentivirus particles expressing ASCL2 were produced by Shanghai GeneChem Co., Ltd (Shanghai, China). MKN-1 and SNU16 cells (5×10^4^ each) were inoculated in 12-well plates and incubated in complete medium with 1×10^8^ TU/ml of lentivirus. At 24 h following seeding, the medium was aspirated and replaced with 1 ml fresh medium overnight. In order to obtain a stable transfected cell line, the lentivirus-infected cells were screened using culture medium containing 2 µg/ml puromycin, and the culture medium was changed every three days.

### Cell transfection

Hsa-miR-223 mimic (UGUCAGUUUGUCAAAUACCCC) and negative control mimic (UCACAACCUCCUAGAAAGAGUAGA) were purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou, China). The cells at 60% confluence (determined by blood counting chamber) were seeded in 6-well plates and were transfected with hsa-miR-223 or negative control mimic at a final concentration of 100 nM using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer\'s protocol. Cells were collected 48 h post-transfection for reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis, western blotting or Transwell assays.

### Western blot analysis

Cell lysates or the homogenized tissues from tumor xenografts were dissolved in RIPA lysis buffer (Beyotime Institute of Biotechnology, Haimen, China), protein concentration was determined by BCA method, and lysates were separated by 10% SDS-PAGE and transferred to a nitrocellulose membrane, and GAPDH was used as a control. Following blocking with 5% dried skimmed milk for 2 h in room temperature, the membrane was probed with specific primary antibodies ASCL2 (ab116699), Zeb-1 (ab203829), E-cadherin (ab76055), Integrin (ab133557), Twist (ab50581), Vimentin (ab8978), MMP-2 (ab92536), MMP-9 (ab73734) and GAPDH (ab8245; all from Abcam and diluted at 1:1,000) overnight at 4°C, followed by incubation with HRP-conjugated secondary IgG (H+L) antibody (ab205718; 1:1,000; Abcam) at room temperature for 1 h. The blots were processed with Immobilon^™^ western chemiluminescent HRP substrate (EMD Millipore, Billerica, MA, USA) and analyzed with a gel imaging analysis system and Image Lab version 2.0.1 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

### Migration assay

MKN-1 and SNU16 cells and their transfectants, at 90--100% confluence in 6-well plates, were cultured overnight in serum-free medium. The medium was replaced with PBS, and the monolayers were wounded mechanically using a 10 µl Axygen pipette tip (Axygen Scientific, Inc., Union City, CA, USA). Following wounding, cells were rinsed twice with sterilized PBS and incubated in RPMI-1640 medium containing 10% FBS at 37°C, under 5% CO~2~, and digital images of the healing conditions were obtained by microscope (IX71; Olympus Corporation, Tokyo, Japan) at 0 and 16 h.

### Transwell assay

The invasive capacity of the two types of GC cells overexpressing ASCL2 was evaluated by Transwell assay in a 24-well plate. Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) was diluted with 4°C pre-cooled serum-free medium to a final concentration of 1 mg/ml. The upper chambers were coated with 100 µl diluted Matrigel. For the stably-transfected cells, 5×10^3^/200 µl cells were seeded in the upper chambers and fed with serum-free medium, and 500 µl medium with 20% FBS was added to the lower chambers. The cells were allowed to invade the Matrigel matrix for 8--24 h. The cells on the upper chamber were scraped off with a cotton swab and the transmigrated cells were fixed with 4% formaldehyde for 1 h at room temperature, washed with PBS 3 times and stained with 0.5% crystal violet for 15 min, followed by washing with PBS for 3 times, and then counted in 5 randomly selected microscopic fields (magnification, ×200). The cell numbers were counted by microscope, and all of the experiments were performed in triplicate.

### RT-qPCR analysis

Total RNA was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. First strand cDNA was synthesized using PrimeScript^™^ RT enzyme mix I, oligo dT primers and random hexamers (Takara Bio, Inc., Otsu, Japan). To determine the fold changes in each gene and miR, qPCR was performed using the first strand cDNA and the SYBR premix ExTaq^™^ Green II (Takara Bio, Inc.). The primer sequences were as follows: ASCL2 forward, AACTTGAGCTGCTGGAGGGACA and reverse, TCTTGGCCAGCATGGAAAACTC; β-actin forward, CTGGAACGGTGAAGGTGACA, reverse, CGGCCACATTGTGAACTTTG; hsa-miR-223-3p mimic forward, UGUCAGUUUGUCAAAUACCCCA and reverse, UGGGGUAUUUGACAAACUGACA; hsa-miR-141-3p, Forward, TAACACTGTCTGGTAAAGATGG, Reverse, CAGTGCGTGTCGTGGAGT; hsa-miR-137, Forward, TTATTGCTTAAGAATACGCGTAG, Reverse, CAGTGCGTGTCGTGGAGT; miRNA mimic negative control forward, UUUGUACUACACAAAAGUACUG and reverse, CAGUACUUUUGUGUAGUACAAA. The Primers of the other miRNAs were purchased from Guangzhou RiboBio Co., Ltd. Reaction and signal detection were measured using a qPCR system (Bio-Rad Laboratories, Inc.). The obtained cDNA was amplified using following procedure: 94°C (5 min), then 30 cycles at 94°C (30 sec), 59°C (30 sec) and 72°C (30 sec). Expression levels were calculated as the relative expression ratio using the 2^−ΔΔCq^ method with β-actin as a reference. The qPCR was performed in triplicate independently.

### Prediction and detection of EMT-associated protein binding to miR223

EMT-associated proteins binding to miR223 were predicted using TargetScan ([www.targetscan.org](www.targetscan.org)). A total of 412 transcripts were predicted to be the targets of miR223; the cumulative weighted context ++ score of zinc finger E-box-binding homeobox 1 (Zeb-1) was 0.21, total context ++ score was −0.21, and the aggregate probability of conserved targeting was 0.47. The present study examined all the potential targets which may be involved in EMT, migration and invasion by western blotting.

### Chromatin immunoprecipitation (ChIP) assay

ChIP assays were performed using a ChIP assay kit (Upstate Biotechnology, Inc., Lake Placid, NY, USA), according to the manufacturer\'s protocol. Soluble chromatin was prepared from cells overexpressing ASCL-2 and control cells. Chromatin was immunoprecipitated with an antibody against ASCL2 (ab116699, Abcam, UK), which was diluted at 1:100 at 4°C. The final DNA extracts were amplified by qPCR using primer pairs in the human pre-miR223 promoter according to the protocol described above. Pre-miR223 primer sequences: Forward primer: 5′-CCACGCTCCGTGTATTTGAC-3′. Reverse primer: 5′-CCGCACTTGGGGTATTTGAC-3′.

### Luciferase reporter assay

Fragments of the pre-miR223 promoter 5′-flanking sequence or the 3′ untranslated region (UTR) sequences of Zeb-1 were amplified using PCR and cloned into the luciferase reporter vector pGL3-Basic (Promega Corporation, Madison, WI, USA). The day prior to transfection, the cells were plated in 24-well plates at a density of 5×10^4^ cells/well. The pre-miR223 promoter-luciferase constructs or the 3′ UTR luciferase constructs of Zeb-1 were transfected into the cells using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). To normalize for transfection efficiency, the cells were simultaneously co-transfected with a pRLTK vector expressing the *Renilla* luciferase enzyme (pRL; Promega Corporation). The cells were harvested following 24 h, and the luciferase activity was measured using the Dual Luciferase Reporter Assay System (Promega Corporation) with a single sample luminometer. In a similar way, the cells were transfected with the pRL-TK vector. Pre-miR223 activity is presented as the percentage of pGL3-control activity.

### Statistical analysis

Data are expressed as the mean ± standard deviation of three different experiments. The Student\'s t-test was used to analyze the comparisons between two groups, and analysis of variance was used to analyze the comparisons between multiple groups and followed by Newman-Keuls post hoc comparison test with differences. The statistical significance of the results was evaluated using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of ASCL2 is highest in metastases, among adjacent normal tissues, primary gastric tumors and gastric metastases

In order to study the expression level of ASCL2 in different parts of GC, protein and RNA were extracted from 32 cases of GC adjacent normal tissues, the primary gastric tumor and metastatic cancer tissue, and the expression of ASCL2 was analyzed using western blotting, qPCR and immunohistochemistry ([Fig. 1](#f1-mmr-18-04-3751){ref-type="fig"}). The expression of ASCL2 protein in metastatic tissues was highest, and was at its lowest in normal tissues ([Fig. 1A and C](#f1-mmr-18-04-3751){ref-type="fig"}), and the mRNA level of ASCL2 in metastatic tissues of GC was significantly higher compared with that in normal tissues ([Fig. 1B](#f1-mmr-18-04-3751){ref-type="fig"}), which was consistent with the results of the western blotting and immunohistochemistry. It was suggested that the high expression of ASCL2 may be associated with the metastasis of GC cells in metastatic GC tissues.

### ASCL2 expression contributes to cell migration and invasion in MKN-1 and SNU16 cells

In order to further study the role of ASCL2 in the metastasis of GC, the ASCL2 plasmid was transfected into MKN-1 and SNU16 cells to construct ASCL2-overexpressing stably-transfected cell lines ([Fig. 2A](#f2-mmr-18-04-3751){ref-type="fig"}). Transwell experiments and wound healing assays were performed to study the effect of ASCL2 on GC metastasis. From the wound healing assay, the scratch width in ASCL2 overexpression and NC group cells was detected at 16 h. The scratches in the NC group were significantly wider compared with the ASCL2 overexpression group ([Fig. 2B](#f2-mmr-18-04-3751){ref-type="fig"}), which indicated that overexpression of ASCL2 was able to increase cell migration and invasion. In addition, a Transwell experiment was performed, the results of which demonstrated that the number of MKN-1 and SNU16 cells in the ASCL2 overexpression group was significantly increased compared with the NC group ([Fig. 2C](#f2-mmr-18-04-3751){ref-type="fig"}), indicating that the overexpression of ASCL-2 significantly increased the invasive ability of MKN-1 and SNU16 cells. From the above results, it was demonstrated that ASCL2 had a role in promoting the migration and invasion of GC cells, although the mechanism regulating the metastasis of GC via ASCL-2 remained unclear.

### ASCL2 promotes the expression of EMT-inducing proteins

Since ASCL2 was able to promote the metastasis of GC cells, the migration of cells was associated with the dynamic alterations in adhesion between cytoskeletal proteins and the cell matrix. In this process, EMT-inducing proteins served an important role; therefore, it was hypothesized that ASCL2 may regulate EMT-associated proteins during cell migration. To this end, proteins were extracted from cells and western blotting was performed. From the experimental results, it was observed that the expression of E-cadherin in ASCL2-overexpressing cell lines decreased, while Zeb-1, twist-related protein 1 (Twist), Integrin, Vimentin, 72 kDa type IV collagenase (MMP-2) and matrix metalloproteinase 9 (MMP-9) were upregulated in ASCL2-overexpressing cell lines ([Fig. 3](#f3-mmr-18-04-3751){ref-type="fig"}), which indicated that ASCL2 upregulated EMT-inducing protein expression and promoted cell migration. However, the mechanism underlying the regulatory effect of ASCL2 on EMT-associated proteins remained to be elucidated.

### EMT-associated miRNAs alter following ASCL2 overexpression in MKN-1 and SNU16 cells

The present study demonstrated that miRNAs are an important switch in regulating gene expression and regulating various life phenomena, including tumor cell proliferation, differentiation, apoptosis and motility. It was hypothesized that EMT-associated proteins may be mediated by EMT-associated miRNAs. In order to study this hypothesis, RT-qPCR analysis was performed on the ASCL2 overexpressing cell lines. The results illustrated a significant reduction in miR223 out of a series of EMT-associated miRNAs ([Fig. 4A](#f4-mmr-18-04-3751){ref-type="fig"}), which indicated that ASCL2 regulated the expression of metastasis-associated proteins by downregulating miR223. Furthermore, the expression level of miRNA223 in the samples from patients was assessed by RT-qPCR analysis and the data suggested that the level of miR223 was at its lowest in metastatic tissues and highest in normal tissues ([Fig. 4B](#f4-mmr-18-04-3751){ref-type="fig"}).

### Overexpressing miR223 attenuates the EMT-promoting effect induced by ASCL2 expression

In order to study the role of miR223 in the migration of GC cells, miR223 mimics and control mimics were overexpressed in MNK1 and SNU16 cells ([Fig. 5A](#f5-mmr-18-04-3751){ref-type="fig"}), and a Transwell assay was performed in which miR223 mimic was added to the ASCL2 overexpression group cells and the NC group cells, respectively ([Fig. 5B](#f5-mmr-18-04-3751){ref-type="fig"}). The miR223 mimic was able to reduce the number of penetrating cells in the ASCL2 overexpression and the NC groups ([Fig. 5B](#f5-mmr-18-04-3751){ref-type="fig"}), which indicated that ASCL2 may reduce the decreased cell migration induced by miR223. EMT-associated protein binding to miR223 was predicted using TargetScan ([Fig. 5C](#f5-mmr-18-04-3751){ref-type="fig"}). The results of the luciferase reporter assay suggested that miR223 was able to bind to the 3′UTR of Zeb-1 ([Fig. 5D](#f5-mmr-18-04-3751){ref-type="fig"}).

The effect of miR223 on EMT-associated proteins in the NC and ASCL2 overexpression groups was additionally detected. From the western blotting results, it was inferred that miR223 reduced EMT-associated protein expression in the two groups; however, in the ASCL2 overexpression group, the reduction in the expression of EMT-associated proteins (Zeb-1, Twist, Integrin, Vimentin) and migration related proteins (MMP-2 and MMP-9) were less marked compared with the NC group ([Fig. 5E](#f5-mmr-18-04-3751){ref-type="fig"}), indicating that ASCL2 may weaken the biological function of miR223.

### ASCL2 may interact with the promoter of pre-miR223, and inhibit the maturation of miR223

In order to examine the role of ASCL2 in the biological function of miR223, the interaction between ASCL2 and miR223 was analyzed using ChIP and luciferase reporter assays. The results demonstrated that ASCL2 interacted with pre-miR223 ([Fig. 6A and B](#f6-mmr-18-04-3751){ref-type="fig"}) to inhibit the transformation of pre-miR223 to mature miR223 ([Fig. 6C](#f6-mmr-18-04-3751){ref-type="fig"}).

Discussion
==========

GC is the most common malignant tumor of the digestive tract. Due to the incidence of GC, its invasive and metastatic characteristics, clear clinical symptoms and low cure rate, GC ranks 4th among malignant tumors in the world ([@b16-mmr-18-04-3751],[@b17-mmr-18-04-3751]). At present, the pathogenesis of GC had not been completely elucidated. The occurrence of GC originates from gastric epithelial stem cells; normal gastric epithelial stem cells develop gene mutations and thus promote the occurrence and development of tumors. A small number of tumor stem cell-like cells have been identified in GC tissues, which have infinite self-renewal, multi-directional differentiation and strong proliferative potential, and also promote the infiltration and recurrence of GC. The mechanisms involved in the invasion and metastasis of GC cells required further study. In the present study, the expression of the ASCL2 gene was significantly increased in GC metastatic tissues, as demonstrated by western blotting and qPCR analysis, which suggested that high expression of ASCL2 may be associated with the metastasis of GC cells.

ASCL2 is a basic/helical helix transcription factor whose expression is confined to the LGr5-positive colonic basal ganglion cells of the placenta, and small- and large-intestinal crypts and crypt base columnar cells ([@b1-mmr-18-04-3751],[@b7-mmr-18-04-3751]). ASCL2 may interact with colorectal epithelial cells via the homeobox protein CDX-2 (CDX2) proximal promoter to repress the expression of CDX2 ([@b18-mmr-18-04-3751]). It has been reported that CDX2 gene overexpression may promote GC cellular apoptosis. ASCL2 may promote colon cancer cell growth and migration, and the upregulation of ASCL2 by promoter demethylation may promote the growth of GC cells; the results of the present study suggested that ASCL2 may be involved in the metastasis of GC cells. In order to test this hypothesis, an ASCL2 gene overexpression system was constructed *in vitro*, and the effect of ASCL2 on the metastasis of GC cells was studied using wound healing and Transwell assays. From the wound healing assay, the migration of the ASCL2 overexpression and NC groups of MKN-1 and SNU16 cells were observed at 16 h. The scratches in the NC group were significantly wider compared with those of the ASCL2 overexpression group; the scratches were partially-healed, although the NC group exhibited clear scratches, which indicated that overexpression of ASCL2 may increase cell migration ability. The results of the Transwell assay demonstrated that the number of MKN-1 and SNU16 cells in the NC group was significantly decreased compared with the ASCL2 overexpression group, which indicated that the overexpression of ASCL2 significantly increased the invasive ability of MKN-1 and SNU16 cells. From the above results, it was inferred that ASCL2 had promoted the migration and invasion of GC cells, although the mechanism regulating the metastasis of GC via ASCL2 remained unclear.

EMT is an important malignant biological behavior of tumors. The invasion and migration of tumor cells may be enhanced through EMT ([@b19-mmr-18-04-3751]), and EMT serves an important role in secondary metastasis and promotes primary metastasis of gastric carcinoma, colon cancer, liver cancer, breast cancer, ovarian cancer and lung cancer ([@b20-mmr-18-04-3751]). The role of EMT in tumor invasion and metastasis has become a research focus, and it was considered to be the initial step in tumor invasion and metastasis ([@b21-mmr-18-04-3751]). During EMT, epithelial cells lose their epithelial characteristics, illustrated by the downregulation of E-cadherin, while acquiring a mesenchymal phenotype, characterized by the upregulation of mesenchymal proteins, including vimentin and N-cadherin. In GC, the upregulation of ASCL2 may promote GC metastasis. EMT is an important promoter of tumor metastasis; it was therefore hypothesized that ASCL2 may affect GC cell metastasis by affecting the EMT process. In order to study the association between ASCL2 and EMT, the alteration in EMT-associated protein expression following overexpression of ASCL2 was examined by western blotting. The results demonstrated that the expression of E-cadherin in ASCL2-overexpressing cell lines decreased, while Zeb-1, Twist, Integrin, Vimentin, MMP-2 and MMP-9 were upregulated in ASCL2-overexpressing cell lines, indicating that ASCL2 upregulated EMT-inducing proteins and promoted cell migration. However, the mechanism underlying the effect of ASCL2 on EMT-associated proteins has seldom been studied.

A previous study confirmed that miRNAs are associated with the occurrence, development, invasion and metastasis of GC, and they have become some of the specific molecular markers of GC ([@b8-mmr-18-04-3751]). In tumorigenesis, miRNAs act as tumor suppressor genes or carcinogenic genes, and miR223 was able to reverse EMT, and inhibit the migration and invasion of melanoma cells induced the expression of E-cadherin protein. miR223 is located on the X chromosome ([@b22-mmr-18-04-3751]). Previous studies have demonstrated that miR223 is associated with tumor and inflammation-associated signal transduction pathways ([@b23-mmr-18-04-3751]). It has been reported that miR223 was highly expressed in patients with acute myeloid leukemia (AML) ([@b22-mmr-18-04-3751]); further studies demonstrated that miR223 served an important role in the regulation of AML ([@b24-mmr-18-04-3751]), although miR223 was downregulated in chronic myelognous leukemia (CLL), and may be associated with tumor burden and tumor invasion. In a previous study, it was observed that ASCL2 may upregulate EMT-associated protein expression to promote the metastasis of GC cells. Therefore, the role of miR223 in GC cells, and the association between ASCL2 and miR223, was the focus of the present study. It was observed that miR223 expression was significantly reduced out of a series of EMT-associated miRNAs. miR223 was able to decrease the migratory ability and downregulate the expression of Zeb-1, Twist, Integrin, Vimentin, MMP-2 and MMP-9 in GC cells; however, in the ASCL2-overexpressing cell line, the decrease in the expression of EMT-associated proteins was improved, thereby suggesting that ASCL2 may affect the role of miRNAs. It was observed that ASCL2 was able to bind to pre-miR223, which inhibited the maturation of miR223 and weakened the biological function of miR223, thus reducing the inhibition of GC cell metastasis.

The present study demonstrated that ASCL2 was able to downregulate the expression level of miR223, contribute to EMT and promote gastric tumor metastasis, indicating that ASCL2 may serve as a therapeutic target in the treatment of GC. Future studies are required to investigate the association between ASCL2 and other miRNAs, further enriching the molecular mechanism of GC cell invasion and metastasis, and providing a novel effective potential target for GC.
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![Expression of ASCL2 is highest in metastases, among adjacent normal tissues, primary gastric tumors and gastric metastases. (A) The expression of ASCL2 was detected in adjacent normal tissues, primary tumors and metastases by western blotting. (B) The mRNA expression level of ASCL2 was detected in adjacent normal tissues, primary tumors and metastases by quantitative polymerase chain reaction. (C) An immunohistochemistry assay evaluated the ASCL2 expression in the adjacent tissues, primary gastric tumors and metastases (magnification, ×400). \*P\<0.05, \*\*\*P\<0.001 vs. adjacent group; ^\#^P\<0.05 vs. primary group. ASCL2, achaete-scute homolog 2.](MMR-18-04-3751-g00){#f1-mmr-18-04-3751}

![ASCL2 expression contributes to cell migration and invasion in MKN-1 and SNU16 cells. (A) The expression of ASCL2 was detected in control and ASCL2 overexpression cells. (B) The effect of ASCL2 expression on the migration of MKN-1 and SNU16 cells was accessed by wound healing assay (magnification, ×200). (C) The effect of ASCL2 expression on the invasion of MKN-1 and SNU16 cells was evaluated by Transwell assay (magnification, ×200). \*\*P\<0.01, \*\*\*P\<0.001 vs. respective control. ASCL2, achaete-scute homolog 2.](MMR-18-04-3751-g01){#f2-mmr-18-04-3751}

![ASCL2 promotes the expression of epithelial-mesenchymal transition-inducing proteins. The expression of the epithelium-associated protein E-cadherin, and the mesenchyme-associated proteins Zeb-1, Twist, Integrin, Vimentin, MMP-2 and MMP-9 were detected by western blot analysis. ASCL2, achaete-scute homolog 2; Twist, twist-related protein 1; MMP-2, 72 kDa type IV collagenase; MMP-9, matrix metalloproteinase 9; Zeb-1, zinc E-box-binding homeobox 1; CON, control.](MMR-18-04-3751-g02){#f3-mmr-18-04-3751}

![EMT-associated miRNAs alter following ASCL2 overexpression in MKN-1 and SNU-16 cells. (A) The expression levels of a series of miRNAs associated with EMT were detected by quantitative polymerase chain reaction. \*\*\*P\<0.001 vs. control. (B) The levels of miRNA-223 were detected in the adjacent tissues, primary gastric tumors or metastases. \*P\<0.05, \*\*\*P\<0.001 vs. adjacent group, ^\#^P\<0.05 vs. primary group. miRNA, microRNA; EMT, epithelial-mesenchymal transition; ASCL2, achaete-scute homolog 2.](MMR-18-04-3751-g03){#f4-mmr-18-04-3751}

![Overexpressing miR223 attenuates the EMT-promoting effect induced by ASCL2 expression. (A) The level of miR223 was detected by quantitative polymerase chain reaction. (B) The effect of miR223 on invasion in ASCL2-overexpressing MKN-1 and SNU16 cells was evaluated by Transwell assay (magnification, ×200). (C) EMT-associated proteins binding to miR223 were predicted using TargetScan. (D) A luciferase reporter assay evaluated the binding of miR223 to the 3′ UTR of Zeb-1. (E) The expression of the epithelium-associated protein E-cadherin, and the mesenchyme-associated proteins Zeb-1, Twist, Integrin, Vimentin, MMP-2 and MMP-9 was detected by western blot analysis. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. respective control. miR, microRNA; ASCL2, achaete-scute homolog 2; EMT, epithelial-mesenchymal transition; UTR, untranslated region; OE, overexpression; Twist, twist-related protein 1; MMP-2, 72 kDa type IV collagenase; MMP-9, matrix metalloproteinase 9; Zeb-1, zinc E-box-binding homeobox 1; CON, control.](MMR-18-04-3751-g04){#f5-mmr-18-04-3751}

![ASCL2 may interact with the promoter of pre-miR223 and inhibit the maturation of miR223. (A) The interaction between the promoter of pre-miR223 and ASCL2 was detected by chromatin immunoprecipitation assay. (B) The effect of ASCL2 on the activity of the promoter of pre-miR223 was detected by luciferase reporter assay. (C) The expression levels of pre-miR223, pri-miR223 and miR223 were analyzed by quantitative polymerase chain reaction. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. respective control. ASCL2, achaete-scute homolog 2; OE, overexpression; miR, microRNA.](MMR-18-04-3751-g05){#f6-mmr-18-04-3751}
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